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Abstract. It is shown that an optimum variant of the use of the advanced fuels for power production consists in 

initiating microexplosions with the physically important D-D fusion reactions with compression of pure 

deuterium or fuel with small atomic fraction of tritium either by thermal radiation of one or several D–T 

microexplosions or by such radiation and one or several drivers improving the symmetry or/and temporal 

shaping of the compression. Fast ignition by the laser-accelerated He3 ions is proposed. 

1. Introduction 

The possibility of using D-D fusion reactions for power production is being discussed for many 

years (see, e. g., Refs. [1-14]). The main advantage of the power plants employing these 

reactions to those where only the D-T fusion reaction is physically important consists in a 

lower amount of tritium involved in the process. This is desirable due to the reasons related to 

safety, ecology and economics [1-11,13,14]. The power plants employing D-D fusion reactions 

can also serve as the sources of He
3
 for other power plans, space propulsion systems and 

scientific purposes (see, e. g., Refs. [2,12] and Section 3). However, ignition of the D-D and 

D-He
3
 fusion reactions is a more difficult task compared to the ignition of the D-T one [1-14]. 

For power plants with the magnetic plasma confinement, the use of the D-D and D-He
3
 fusion 

reactions in the observable future will probably be impossible or at least inexpedient [9]. 

Ignition of deuterium explosions by the fission explosions is the most technically simple 

approach to using the D-D fusion reactions for power production; to the best of the knowledge 

of the authors of this paper, the most detailed analysis of this approach is presented in Ref. [8] 

(see also Refs. [15,16]). However, this approach seems to be politically unacceptable [14]. 

The problem of using microexplosions with physically important D-D fusion reactions for 

power production was discussed by many authors (see, e. g., Ref. [1,3-7,10-14]). The 

compression of a fuel with zero or small average atomic fraction Tx  of tritium using laser or 

other driver with very high parameters, and, hence, very high cost (see, e. g., Refs. [1,5-

7,10,11]) is only one of the possible approaches. An alternative approach, according to which 

the compression of such fuel is caused entirely or mostly by thermal radiation of one or several 

D-T microexplosions (see, e. g., Refs. [4,12-14,17-21]), is more effective, because the 

requirements on the drivers necessary for its realization are much lower. A brief review of 

some problems, related to the latter approach, is presented in Section 2.  

In recent years, the use the reaction p + B
11

 3 He
4
 + 8.8 MeV for power production in the 

scenarios with heating the fuel by the picosecond duration, petawatt power laser pulses 

without its compression was proposed [22,23]. The advantages of the absence of generation of 

neutrons and “primary” radioactive isotopes are so important that if the scenarios proposed in 

Refs. [22,23] were feasible, they would probably be the best ones for power production. Note 

that according to Refs. [18,19], the p-B
11

 reaction “is more environmentally friendly than 
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chemical reactions” (the text in the quotation marks corresponds to the English version of Ref. 

[19]). However, the authors of Refs. [22,23] did not take into account the transversal 

expansion of the plasma arising from the heated fuel. The use of the method, proposed in Refs. 

[22,23], for power production is impossible, because the transversal expansion of the plasma 

would result in the very low fuel burning efficiencies corresponding to the acceptable laser 

pulse energies and fusion yields (see Section 4). 

2. The Use of the D-T Microexplosions for Compression of Pure Deuterium and the 

Fuels with the Low Atomic Fractions of Tritium 

Potential fuels for the microexplosions with the physically important D-D fusion reactions 

include pure deuterium, D-T mixtures with small Tx  and mixtures of deuterium with small 

amounts of tritium and He
3
 (see, e. g., [1,3-7,10-13,17-19]). The possibility of compression of 

such fuels by thermal radiation from the D-T microexplosions results from the following. Up to 

20 – 25 % of the yield of the D-T microexplosion ignited with the indirect compression of the 

fuel will correspond to the energy of X-ray flux [13,14,20,21,24,25] (see also Refs. 

[3,10,18,19]). The temperature RT  and the typical time of emission of this flux will obey, at 

least if appropriate simple measures are taken, to the requirements related to compression of 

the fuel [3,13,14,18-20]. For realization of these approaches, the driver with the parameters 

corresponding to ignition of D-T microexplosions with the yields of about 1 GJ or less will be 

sufficient [13,14]. Note that in some situations compression of the fuel can be caused by both 

radiation from the D-T microexplosion and one or several auxiliary drivers that improve the 

symmetry and temporal profile of compression [12-14,21]. 

In Ref. [13], the possibility to confine the radiation with 300RT  eV from the D-T 

microexplosion in the hohlraum that is sufficiently large to contain the capsule with small- Tx  

fuel was demonstrated assuming that the inner surface of the hohlraum wall is lined with gold. 

Absorption of the radiation by gold was described within the framework of the model from 

Ref. [26] according to which at constant RT , the energy wE  of thermal radiation absorbed 

by the gold wall with area wA  during time   is given by 

 

ww AE / [MJ/cm
2
] 100/(102.5 3

RT  eV) 1/(3.3   ns 62.0) .    

 

The main part of wA  represents hohlraum wall, some contribution into wA  will also be 

brought by the auxiliary structural elements improving the symmetry of compression and 

performing some other functions. Assuming that the duration maint  of the main stage of the 

small- Tx fuel compression is about 10 to 20 ns and during this stage 300RT  eV, we 

obtain that for this stage ww AE /  is in the range from about 814 kJ/cm
2
 to about 1.25 

MJ/cm
2
. Assuming that the energy cE  of thermal radiation absorbed by the small- Tx fuel 

capsule is about 20 MJ, the yield 1Y  of the D-T microexplosion is about 1 GJ, 25 % of this 

yield is funneled into thermal radiation and the sum of cE  and wE , corresponding to the 

main stage of the small- Tx  fuel compression, is about 70 % of the total energy of the x-ray 

flux generated by the D-T microexplosion, we obtain that wA  can be up to about 190 cm
2
 at 
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10maint  ns and about 124 cm
2
 at 20maint  ns. Such values of wA  provide the placement 

of the small- Tx  fuel capsule and the sufficiently free diffusion of thermal radiation in the 

cavity. 

The data from Ref. [7] allow us to assume that in the situation under consideration the yield 

2Y  of the microexplosion of the small- Tx  fuel is of the order of 0.1 to 1 GJ. Even such 

values of 2Y  are of practical interest, because they correspond, first of all, to simplification of 

the tritium breeding. Both 2Y  and the ratio 12 /YY  can be increased by using the D-T 

microexplosion ignited by the driver for the ignition of one or several D-T microexplosions 

with are subsequently used to compress a small- Tx  fuel [18,19] and, probably, by the use of 

the cylindrically-symmetrical compression of a small- Tx  fuel [4,17]. It should be emphasized 

that for the inertial fusion energy (IFE) power plants, the high total yield of several 

microexplosions ignited during a short time due to ignition of one or several D-T 

microexplosions by the driver is quite acceptable if the special measures are taken (see, e. g., 

Refs. [8,15,16,21]).  

Thus, an analysis of the achievable parameters of thermonuclear power plants and their 

potential usefulness for particular countries and the whole mankind should take into account 

the possibility of compressing the fuel with small and zero Tx  by means of D-T 

microexplosions or with the use of such microexplosions and auxiliary drivers [13]. Probably, 

IFE power plants employing these methods can be created in the observable future, for 

example, within two decades from the moment of launching large-scale projects on the 

development of drivers for the ignition of D-T microexplosions at frequencies of the order of 

0.1 to 1 Hz (see also Refs. [27,28]). It should be noted that if a large number of such 

thermonuclear power plants is created, the production of the tritium for their operation via the 

reaction Be
9
(n,2n)2He

4
 will probably be impossible (see Ref. [8] where problems related to the 

use of a large amount of beryllium in thermonuclear energetics are considered). 

At least some of the scenarios of ignition of the D-T microexplosions in IFE power plants will 

probably be based on the fast ignition approach. The relatively low cost of the drivers may be 

provided by the fast ignition scenarios without the use of the ultrashort, ultraintense laser 

pulses (see, e. g., Refs. [29-38]). However, the reliable conclusion about the feasibility and 

efficiency of any of these scenarios will be possible only after the additional studies. For 

example, creation of the circular cumulative jet by the striker moving in the cone (see, e. g., 

Refs. [39,40]) will probably have a strong effect on the operation of the targets proposed in 

Refs. [32,34,35,38]. Scenarios of fast ignition of the D-T microexplosions with heating the hot 

spot by the laser-accelerated ions (see, e. g., Refs. [32,36,37,41-60] and Section 3) may also 

provide the effective operation of the IFE power plants utilizing both only the equimolar D-T 

fuel and such fuel and the fuel with zero or small Tx . 

The optimization of the scenarios of heating the hot spot in the compressed fuel with zero or 

small Tx  also requires the special studies. For example, in some situations the use of the 

focused products of microexplosions or cumulative jets created by microexplosions may be 

expedient [21]. Note that according to Ref. [61] (p. 64), in 1945 E. Fermi said about studies of 

possibility to initiate a large-scale explosion by means of injection of jet of fast deuterons into a 

D-T mixture. Such a jet could be created by the explosion of a cumulative atomic bomb or by 

Compton collisions of photons arising due to explosion of atomic bomb [61]. The use of the 

laser-accelerated ions (see, e. g., Ref. [42,62] and Section 3) may also be expedient. 
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The problem of the expedience of the use of the equimolar or almost equimolar D-He
3
 fuel for 

power production requires the special studies (see also Refs. [5,6,12,17,27] and a bibliography 

therein). At least in the relatively near future, the IFE power plants using deuterium and tritium 

as the main fuel components will probably provide the lower cost of electricity. Some of such 

plants may also use a small amount of He
3
 (see also Refs. [5,6] and Section 3). 

3. Fast ignition with heating the hot spot by the laser-accelerated He
3
 ions 

The choice of the optimum scenarios of fast ignition with heating the hot spot by the laser-

accelerated ions requires analysis of many effect related to both the acceleration of the ions and 

their interaction with the fuel and, in some situations, cone or protective membrane of the 

target (see, e. g., Ref. [32,36,37,41-60,62]). The production of He
3
 by IFE power plants 

utilizing D-D fusion reactions [12] may result in the expedience of the realization of such 

scenarios with the use of the ions of this isotope. The expected advantages of the He
3
 ions are 

related, first of all, to their relatively short ranges in the compressed fuel compared, for 

example, to the He
4
 ions with the same kinetic energy. Also both the alpha-particles and 

protons generated by the He
3
-D fusion reaction will bring a contribution into heating the hot 

spot (see also Refs. [43,59,62]). It is possible to show that when heating the hot spot in the 

equimolar D-T fuel, of the order of 0.1 to 1 % of the He
3
 will undergo this reaction. The 

fraction of such ions will be greater in the hot spot with small Tx  or without tritium (see, e. 

g., Refs. [7] and [62], respectively). The use of the laser-accelerated He
3
 ions in IFE power 

plant may provide a decrease in the cost of the hot spot heating drivers on several percent. 

4. The impossibility of the effective ignition of the p-B
11

 reaction without compression 

of the fuel 

The high gain of H-B
11

 fusion reaction will be obtained only when the burning wave 

propagates through the relatively cold fuel. Burning in the region heated by laser or other 

driver cannot provide the high gain due to the following. Heating the H-B
11

 fuel to the 

temperature T of about 87 keV, corresponding to ignition [23], requires the delivery of energy 

of about 1 MeV per one pair of H and B
11

 atoms and the gain of only about 8.8 even at the 

fuel burning efficiency of about 100 % in the situations when fusion occurs only in the region 

heated by the driver.  

At T=87 keV, the velocity exv  of expansion of plasma consisting of pure B
11

 is about 

8108.2   cm/s. This follows from the formula )3/()1(5 iex mTZv  , where Z is the atomic 

number of the element from which the plasma is created (here it is assumed that the atoms are 

completely ionized) and im  is the mass of the ion of this element [63]. 

According to Fig. 3 from Ref. [23], for the H-B
11

 fuel at T=87 keV v , where   is the 

fusion cross-section and v  is the relative velocity of the nuclei undergoing fusion, is about 
17102  cm

3
/s. The concentration n of atoms in solid boron is about 23103.1   cm

-3
 [64]. 

Assuming that the concentration of boron atoms in the noncompressed plasma arising from the 

solid H-B
11

 fuel is about this value, we obtain that the fusion will provide the significant release 

of energy only if it occurs during the time of at least about )106.2/1( 6  s 7108.3   s. 

Assuming that the velocity of expansion of heated H-B
11

 fuel is about the velocity of expansion 

of plasma consisting of pure B
11

 at T=87 keV, we obtain that the size of plasma in any 
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direction should be at least about 1 m. This corresponds to the unacceptable values of the 

igniting pulse energy and fusion yield. Note that since the lower boundary of the size of the 

plasma under consideration is rather large, the total analysis of the parameters of this plasma 

should take into account its cooling due to the inverse comptonization (see, e. g., Refs. 

[18,19]). 

5. Conclusion 

The technical difficulties related to the creation of the IFE power plants utilizing the 

compression of the fuel with zero or small Tx  by or with the use of the D-T 

microexplosions are comparable with those related to the creation of IFE power plant utilizing 

the equimolar D-T fuel. The use of the fast ignition scenarios in the power plants of both 

aforementioned kinds seems to be highly desirable or even necessary.  

I would like to thank the International Atomic Energy Agency for a partial financial support of 

the studies, the results of which are presented in this paper, under IAEA Research Contract 

No. RUS 13722. 
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